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SYSTEM AND METHOD FOR
DETERMINING AND RECOMMENDING
VEHICLE PICK-UP LOCATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-

cation No. PCT/CN2017/114376, filed on Dec. 4, 2017, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

This disclosure generally relates to approaches and tech-
niques for vehicle pick-up location optimization.

BACKGROUND

User convenience and travel efliciency are important
factors to the experience of vehicle services. For example, a
user oiften would like to be transported to a destination with
the least hassle, and the driver transporting the user would
like to finish the trip as quickly as possible. Thus, determin-
ing the pick-up location 1s critical to providing optimized
vehicle services.

SUMMARY

Various embodiments of the present disclosure can
include systems, methods, and non-transitory computer
readable media configured to perform vehicle pick-up loca-
tion determination and recommendation. In some embodi-
ments, a method for determiming vehicle pick-up location
may comprise obtaining a user’s location and a request by
the user for transportation to a destination, determining a
vehicle to respond to the request, obtaining the determined
vehicle’s location, and determiming a pick-up location for
the vehicle to pick up the user based at least on the user’s
location, the destination’s location, and the vehicle’s loca-
tion.

In some embodiments, the request comprises transporting,
at least one of the user, a person associated with the user, or
an 1tem associated with the user from an origin to the
destination, and the origin 1s a default pick-up location.

In some embodiments, obtaining the user’s location com-
prises obtaining the user’s location based at least in part on
GPS (global position system) data of a device associated
with the user. Determining the vehicle to respond to the
request comprises determining one or more candidate
vehicles within a preset range from the user’s location,
transmitting the request to the one or more candidate
vehicles, and determining at least one of the candidate
vehicles accepting the request as the vehicle to respond to
the request. Obtaining the vehicle’s location comprises
obtaining the vehicle’s location based at least 1n part on the
vehicle’s GPS data.

In some embodiments, determining the pick-up location
for the vehicle to pick up the user based at least on the user’s
location, the destination’s location, and the vehicle’s loca-
tion may comprise: determining one or more candidate
locations within a preset range from the user’s location;
determining a utility for picking up at each of a plurality of
locations, including the one or more candidate locations and
the origin, based on a travel distance for the vehicle and/or
a travel time for the vehicle; determining one of the plurality
of locations having the highest utility; determiming a travel
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distance for the user to the location of the highest utility and
comparing the determined travel distance for the user with
a preset threshold; 1n response to the determined travel
distance of the user below the preset threshold, determining
the location of the highest utility as the pick-up location. The
travel distance for the vehicle may comprise a first travel
distance from the vehicle’s location to the pick-up location
and a second travel distance from the pick-up location to the
destination. The travel time for the vehicle may comprise a
first travel time from the vehicle’s location to the pick-up
location and a second travel time from the pick-up location
to the destination. The utility may be inversely proportional
to each of the travel distance for the vehicle and the travel
time for the vehicle.

In some embodiments, the travel for the user includes at
least one of walking or biking.

In some embodiments, each of the first and second travel
distances for the vehicle and the first and second travel time
for the vehicle has a corresponding weight 1n determining
the utility, and the first and second travel distances for the
vehicle have weights larger than the first and second travel
time for the vehicle.

In some embodiments, the weights and the preset thresh-
old are dynamically adjustable.

In some embodiments, the method for determining
vehicle pick-up location may further comprise transmitting,
the pick-up location to a device associated with the user in
recommendation of replacing the original with the pick-up
location, 1in response to receirving an acceptance of the
pick-up location, transmitting the pick-up location to the
vehicle or a device associated with a driver of the vehicle,
and 1n response to receiving a rejection of the pick-up
location, transmitting the origin to the vehicle or the device
associated with the driver of the vehicle.

In some embodiments, a system for determining vehicle
pick-up location, may comprise a server configured to:
obtain a user’s location and a request by the user for
transportation to a destination, determine a vehicle to
respond to the request, obtain the determined vehicle’s
location, and determine a pick-up location for the vehicle to
pick up the user based at least on the user’s location, the
destination’s location, and the vehicle’s location.

In some embodiments, a non-transitory computer-read-
able storage medium may store instructions that, when
executed by a processor, cause the processor to perform a
method for determinming vehicle pick-up location. The
method may comprise obtaining a user’s location and a
request by the user for transportation to a destination,
determining a vehicle to respond to the request, obtaining
the determined vehicle’s location, and determining a pick-up
location for the vehicle to pick up the user based at least on
the user’s location, the destination’s location, and the vehi-
cle’s location.

These and other features of the systems, methods, and
non-transitory computer readable media disclosed herein, as
well as the methods of operation and functions of the related
clements of structure and the combination of parts and
economies of manufacture, will become more apparent upon
consideration of the following description and the appended
claims with reference to the accompanying drawings, all of
which form a part of this specification, wherein like refer-
ence numerals designate corresponding parts in the various
figures. It 1s to be expressly understood, however, that the
drawings are for purposes of illustration and description
only and are not imntended as a definition of the limits of the
invention.




US 11,514,796 B2

3
BRIEF DESCRIPTION OF TH.
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DRAWINGS

Certain features of various embodiments of the present
technology are set forth with particulanity in the appended
claims. A better understanding of the features and advan-
tages of the technology will be obtained by reference to the
following detailed description that sets forth illustrative
embodiments, 1n which the principles of the mmvention are
utilized, and the accompanying drawings of which:

FIG. 1 illustrates an example environment for determin-
ing and recommending vehicle pick-up locations, 1n accor-
dance with various embodiments.

FIG. 2A 1llustrates an example system for determining
and recommending vehicle pick-up locations, 1n accordance
with various embodiments.

FIG. 2B illustrates an example method for determiming
and recommending vehicle pick-up locations, 1n accordance
with various embodiments.

FIG. 3A 1s an example 1llustration of vehicle pick-up in
prior art.

FIGS. 3B-3D are example 1llustrations of determining and
recommending vehicle pick-up locations, in accordance
with various embodiments.

FIG. 4 1llustrates a flowchart of an example method for
determining and recommending vehicle pick-up locations,
in accordance with various embodiments.

FI1G. 5 1llustrates a block diagram of an example computer
system 1n which any of the embodiments described herein
may be implemented.

DETAILED DESCRIPTION

Current technologies are inadequate to provide conve-
nient and eflicient vehicle pick-up services. In particular,
various vehicle hailing service providers rely on users to
configure pick-up locations. For example, a user may
request a driver to come to the user’s current position for
pick-up. For another example, a user may pick any location
from a map for pick-up. In these implementations, the
overall efliciency 1s unoptimized. The user’s decision for
pick-up location often ignores the overall travel time and
distance for the vehicle driver. The driver has to abide by the
chosen pick-up location even at the expense of making
detours, lowering the overall travel efliciency for the driver
and the passenger.

Various embodiments described below can overcome
such problems arising in the realm of providing vehicle
services. The vehicle service platform, by obtaining infor-
mation of various locations, can best determine the most
cilicient travel plan, including the optimal pick-up location,
and recommend such pick-up location to the user. In various
embodiments, systems, methods, and non-transitory com-
puter readable media configured to perform vehicle pick-up
location determination and recommendation are disclosed.
In some embodiments, a method for determining vehicle
pick-up location may comprise obtaining a user’s location
and a request by the user for transportation to a destination,
determining a vehicle to respond to the request, obtaining
the determined vehicle’s location, and determining a pick-up
location for the vehicle to pick up the user based at least on
the user’s location, the destination’s location, and the vehi-
cle’s location.

In some embodiments, obtaining the user’s location com-
prises obtaining the user’s location based at least in part on
GPS (global position system) data of a device associated
with the user. Determining the vehicle to respond to the
request comprises determining one or more candidate
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vehicles within a preset range from the user’s location,
transmitting the request to the one or more candidate
vehicles, and determining at least one of the candidate
vehicles accepting the request as the vehicle to respond to
the request. Obtaining the vehicle’s location comprises
obtaining the vehicle’s location based at least in part on the
vehicle’s GPS data.

In some embodiments, determining the pick-up location
for the vehicle to pick up the user based at least on the user’s
location, the destination’s location, and the vehicle’s loca-
tion may comprise: determining one or more candidate
locations within a preset range from the user’s location;
determining a utility for picking up at each of a plurality of
locations, including the one or more candidate locations and
the origin, based on at least one of: a travel distance for the
vehicle or a travel time for the vehicle; determining one of
the plurality of locations having the highest utility; deter-
mining a travel distance for the user to the location of the
highest utility and comparing the determined travel distance
for the user with a preset threshold; in response to the
determined travel distance of the user below the preset
threshold, determining the location of the highest utility as
the pick-up location. The travel distance for the vehicle may
comprise a first travel distance from the vehicle’s location to
the pick-up location and a second travel distance from the
pick-up location to the destination. The travel time for the
vehicle may comprise a first travel time from the vehicle’s
location to the pick-up location and a second travel time
from the pick-up location to the destination. The utility may
be mversely proportional to each of the travel distance for
the vehicle and the travel time for the vehicle.

In some embodiments, each of the first and second travel
distances for the vehicle and the first and second travel time
for the vehicle has a corresponding weight in determining
the utility, and the first and second travel distances for the
vehicle have weights larger than the first and second travel
time for the vehicle.

In some embodiments, the method for determining
vehicle pick-up location may further comprise transmitting,
the pick-up location to a device associated with the user in
recommendation of replacing the original with the pick-up
location, 1n response to recerving an acceptance of the
pick-up location, transmitting the pick-up location to the
vehicle or a device associated with a driver of the vehicle,
and 1n response to receiving a rejection of the pick-up
location, transmitting the origin to the vehicle or the device
associated with the driver of the vehicle.

FIG. 1 illustrates an example environment 100 for deter-
mining and recommending vehicle pick-up locations, in
accordance with various embodiments. As shown 1n FIG. 1,
the example environment 100 can comprise at least one
computing system 102 that includes one or more processors
104 and memory 106. The memory 106 may be non-
transitory and computer-readable. The memory 106 may
store instructions that, when executed by the one or more
processors 104, cause the one or more processors 104 to
perform various methods and steps described herein.

The environment 100 may include one or more data stores
(e.g., a data store 108) and/or one or more computing
devices (e.g., a computing device 109) that are accessible to
the system 102. In some embodiments, the system 102 may
be configured to obtain various information from the data
store 108 and/or the computing device 109. For example, the
computing device 109 may be a server for handling driver-
side mnformation or the data store 108 may be configured to
store driver-side mformation, and the system 102 may be a
server for handling customer-side information. The system
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102 may obtain driver information from the computing
device 109 and/or the data store 108 for determining and
recommending vehicle pick-up locations. Alternatively, the
data store 108, the computing device 109, and the system
102 may be integrated in one device (e.g., a server). The
information obtained by the system 102 may include com-
mon pick-up or drop-ofl locations and may be stored at one
or more places such as the memory 106, the data store 108,
and/or the computing device 109 and available to the system
102. The common pick-up and drop-ofl locations may be
accumulated based on public data, user-uploaded informa-
tion, manually-identified locations, history transportation
routes, etc. For example, the system 102 may have handled
multiple vehicle service requests for transportation. Based
on real-time GPS (global positioning system) locations of
the vehicles, stop-over time at various locations based on the
real-time traflic and GPS, and/or manual confirmation by the
passenger or driver, the system 102 can obtain the actual and
accurate locations for pick-up and drop-off (e.g., at the taxi
stand next to Bus 123’s first bus stand on XY Z street, by the
northeast gate of the XYY park, at the front gate of the XZZ
company headquarter building, etc.). A similar location
being used for more than a preset threshold times (e.g., five
times) may quality as common pick-up or drop-ofl locations.
As described below, these common pick-up and drop-ofl
locations may be used as candidates for determining the
optimal pick-up location. By synthesizing such data and
information, the system 102 may obtain a database of
locations for pick-up or drop-ofl.

The environment 100 may further include one or more
computing devices (e.g., computing devices 110 and 111)
coupled to the system 102. The computing devices may
comprise various types devices such as cellphone, tablet,
computer, wearable device (smart watch), etc. The comput-
ing devices may transmit or receive data (e.g., request,
query, information, etc.) to or from the system 102. In some
embodiments, the system 102 may implement an online
information or service platform, and the computing devices
110 and 111 may represent user or driver devices accessing
the service platform. The computing device may also be
integrated with a vehicle (e.g., as a navigation module of a
vehicle). The computing devices 110 and 111 may be
installed with appropriate software (e.g., Application, plat-
form program, etc.) and/or hardware (e.g., wires, wireless
cards, etc.) to access the system 102.

In one example, the system 102 may be implemented via
a vehicle (hailing) service platform, and the computing
devices 110 and 111 may be implemented via mobile phones
used by users and vehicle drivers respectively. The service
platform may be associated with vehicles (e.g., cars, bikes,
boats, airplanes, etc.), and the system 102 may be referred to
as a vehicle information, a vehicle service, or a vehicle
hailing platform. Some platform data (e.g., vehicle informa-
tion, vehicle driver information, etc.) may be stored in the
memory 106 or retrievable from the data store 108 and/or the
computing device 109. The computing devices 110 and 111
may be associated (e.g., carried with and used by) various
parties accessing the platform (e.g., a user’s or a driver’s
cellphone 1nstalled with an Application of the platform). The
user may request the platform to provide a transportation
service for the user, another person associated with the user,
and/or an 1tem. The platform may relay the request to a
vehicle or a driver to carry out the transportation.

Although the system 102 1s shown as a single component
in this figure, 1t 1s appreciated that the system 102 can be
implemented as a single device or multiple devices (e.g.,
computers, servers, etc.) coupled together. For example, the
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system 102 may be mmplemented as a first server and a
second server coupled together, and the first server may be
configured to interact with the computing devices associated
with users, and the second server may be configured to
interact with the computing devices associated with drivers.
The second server may also be alternatively implemented as
multiple connected computers and servers, for example,
cach configured as a function module.

In some embodiments, the data store(s) may be anywhere
accessible to the system 102, for example, 1n the memory
106, in the computing device 109, 1n another device (e.g.,
network storage device) coupled to the system 102, or
another storage location (e.g., cloud-based storage system.,
network file system, etc.), etc. In general, the system 102, the
computing devices 110 and 111, and the data store 108 may
be able to communicate with one another through one or
more wired or wireless networks (e.g., the Internet) through
which data can be commumicated. Various aspects of the
environment 100 are described below with reference to FIG.
2A to FIG. 5.

FIG. 2A 1llustrates an example system 200 for determin-
ing and recommending vehicle pick-up locations, 1n accor-
dance with various embodiments. The operations shown 1n
FIG. 2A and presented below are intended to be illustrative.
In various embodiments, the system 102 may implement a
vehicle hailing platform described above. A user of the
plattorm may use the computing device 110 to request
vehicle services, and a vehicle driver may use the computing
device 111 to respond to the request and provide the
requested vehicle service (e.g., transporting the user from
one place to another). The system 102 may obtain data 250
from the data store 108 and/or the computing device 109.
The data 250 may comprise user and driver information
(e.g., registered users, registered drivers, identifications of
the users and drivers, etc.). The 1dentification of the users
and drivers may be associated with detailed information
(e.g., vehicle plate number, gender, payment account, etc.)
of the parties respectively 1n databases. The data 250 may
comprise common pick-up and/or drop-ofl locations dis-
cussed above and/or any other suitable locations for pick-up
(e.g., locations configured by users or platform operators).
The obtammed data may be stored in the memory 106.
Alternatively, the data 250 may be obtained by the system
102 from other sources (e.g., directly from users).

In some embodiments, a user (e.g., a passenger) may use
computing device 110 to transmit a request 201 (e.g., a
vehicle service request) to the system 102 (e.g., a vehicle
hailing platform). The request may comprise an ID (1denti-
fication) of the user (e.g., an ID of the user’s account used
to log on an Application installed in the computing device
110 for submitting the request 201). The request 201 may
turther comprise the user’s location and a request by the user
for transportation to a destination, and the system 102 may
obtain the request. The destination may comprise an end
location for the requested transportation. The request may
optionally comprise an origin as a starting location of the
requested transportation (e.g., a place where the user would
like to be picked up). The request may comprise transporting
the user, a person associated with the user (e.g., the user’s
friend), and/or an 1tem associated with the user (e.g., the
user’s Iriend’s luggage) from the origin to the destination.

There may be various ways to determine the origin and
the destination. Obtaining the user’s location may comprise
obtaining the user’s location based at least 1n part on GPS
(global position system) data of a device associated with the
user (e.g., the computing device 110 used by the user). In
one example, the user may mnput addresses of the origin and
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the destination to the computing device 110 and transmit
them to the system 102 as a part of the request. The system
102 may retrieve the GPS data corresponding to the
addresses from various sources and determine the pick-up
location as described below. For another example, the com-
puting device 110 may be equipped with a GPS module
configured to determine the location of 1itself. The user may
use the determined location of the computing device 110 as
the origin, or alternatively, choose a location on a map as the
origin based on the location of the computing device 110
(e.g., by dragging the map and picking a location near the
location of the computing device 110 as the origin, etc.).

As discussed above, the determination of the origin may
be optional. That 1s, the system 102 can determine a pick-up
location for the user without the provided origin. Alterna-
tively, the system 102 can use the provided origin as a
default pick-up location, and determine 11 a better pick-up
location exists and can be recommended to the user as
described below.

Still referring to FIG. 2A, the processor 104 may com-
prise one or more modules (e.g., an order module 114 and a
pick-up module 124) configured to implement various meth-
ods or steps described herein. Though shown as two separate
modules, the order module 114 and the pick-up module 124
may be integrated into one module or divided into more
modules. Upon receiving the request 201, the system 102
may forward at least a part of the request 201 to the order
module 114. The order module 114 may determine a vehicle
to respond to the request. Determining the vehicle to respond
to the request may comprise determining one or more
candidate vehicles within a preset range (e.g., 500 m) from
the user’s location, transmitting the request to the one or
more candidate vehicles (e.g., mobile phones used by driv-
ers ol the candidate vehicles), and determining at least one
of the candidate vehicles accepting the request as the vehicle
(e.g., a first driver accepting the request from an Application
installed 1 the mobile phone) to respond to the request.
Here, responding to the request may comprise fulfilling the
request of transportation from one place to another as
submitted by the user.

Upon determining the vehicle to respond to the request,
the order module 114 may obtain an ID of the vehicle (e.g.,
a ID associated with an account of a current driver of the
vehicle). The order module 114 may forward data 202 to the
pick-up module 124. The data 202 may comprise informa-
tion of the request 201 and the determined vehicle (e.g., the
ID of the user and the ID of the vehicle). The ID of the user
may be associated with the user’s location, the location of
the destination, and/or the location of the origin. The ID of
the vehicle may be associated with the vehicle’s current
location (e.g., vehicle’s location 203), which can be obtained
from the computing device 111. The pick-up module 124
may receirve both IDs and obtain the associated information.

Still referring to FIG. 2A, the pick-up module 124 may
determine a pick-up location for the vehicle to pick up the
user based at least on the user’s location, the destination’s
location, and the vehicle’s location. Obtaining the vehicle’s
location may comprise obtaiming the vehicle’s location
based at least 1n part on the vehicle’s GPS data. For example,
the vehicle may be equipped with a GPS (implemented as
the computing device 111) that transmits GPS information of
the vehicle to the system 102 in real-time. For another
example, the vehicle driver’s mobile phone may be carried
with the driver 1n the vehicle, and the mobile phone (1mple-
mented as the computing device 111) may be equipped with
a GPS that transmits GPS information of the vehicle to the
system 102 1n real-time.
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In some embodiments, determining the pick-up location
tor the vehicle to pick up the user based at least on the user’s
location, the destination’s location, and the vehicle’s loca-
tion may comprise (1) determining one or more candidate
locations within a preset range from the user’s location, (2)
determining a utility for picking up at each of a plurality of
locations, including the one or more candidate locations and
the origin, based on at least one of: a travel distance for the
vehicle or a travel time for the vehicle, (3) determining one
of the plurality of locations having the highest utility, (4)
determining a travel distance for the user to the location of
the highest utility and comparing the determined travel
distance for the user with a preset threshold, and (5) 1n
response to the determined travel distance of the user below
the preset threshold, determining the location of the highest
utility as the pick-up location. The travel distance for the
vehicle may comprise a first travel distance from the vehi-
cle’s location to the pick-up location and a second travel
distance from the pick-up location to the destination. The
travel time for the vehicle may comprise a first travel time
from the vehicle’s location to the pick-up location and a
second travel time from the pick-up location to the destina-
tion. The utility may be inversely proportional to each of the
travel distance for the vehicle and the travel time for the
vehicle. The travel for the user may include at least one of
walking or biking. In some embodiments, the travel for the
user can be assumed to be walking. More details of deter-
mining the pick-up location for the vehicle to pick up the
user based at least on the user’s location, the destination’s
location, and the vehicle’s location are described below with
reference to FIG. 2B.

As such, the utility determination algorithm can {first
determine one or more potential pick-up locations that are
cilicient 1n terms of the overall travel distance and time (e.g.,
from accepting the request to finishing transporting the user)
for the driver. Comparing the potential pick-up location of
the highest utility with the threshold can factor 1n the user’s
utility: to screen pick-up locations that are too far for the
user to walk to. Thus, a balance can be struck between the
driver and the user’s utilities to achieve an overall eflicient
travel.

In some embodiments, each of the first and second travel
distances for the vehicle and the first and second travel time
for the vehicle has a corresponding weight 1n determining
the utility. In some embodiments, the travel distance for the
user to the location of the highest utility may also has a
weilght and be included 1n the utility determination to obtain
a combined utility of the dniver and the user. All of the
welghts and/or the preset threshold may be dynamically
adjustable (e.g., based on time, season, region, location,
weather, weekday, weekend, holiday, gas price, traflic, etc.).
For example, at morning or afternoon peak hours and not
during other hours, the travel time for the vehicle may have
larger weights than others. For another example, at summer,
winter, and rainy days and not during other days, the travel
distance for the user may have a larger weight than others or
may be much smaller than that during spring, fall, and sunny
days. For yet another example, at a region where gas price
1s unreasonably high, the travel distance for the vehicle may
have a weight larger than other factors. In some embodi-
ments, the first and second travel distances for the vehicle
have weights larger than the first and second travel time for
the vehicle.

The system 102 may obtain the various weights based on
methods 1including, for example, data analysis. The system
102 and associated systems or devices may have accumu-
lated travel information over time. For example, real-time
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travel information (e.g., travel distances and durations) can
be recorded via the use of a vehicle hailing platform appli-
cation installed 1n the mobile phone of a vehicle driver or
passenger. Based on the accumulated travel information,
average travel distances and travel time can be extrapolated
against each other and against public data such as time,
season, region, location, weather, weekday, weekend, holi-
day, gas price, traflic, etc. Alternatively, the various weights
can be determined from other well-known bases (e.g., the
weight for travel time 1s increased during peak hours). Thus,
based on the current weather, season, gas price, or other
factors, the current weights of first and second travel dis-
tances for the vehicle and the first and second travel time for
the vehicle can be obtained. The system 102 can obtain
information on the current weather, season, gas price, or
other factors from other applications on the same system or
different system, its own memory, or from networks (e.g.,
the Internet).

Still referring to FIG. 2A, upon determining the pick-up
location, the system 102 may transmit the pick-up location
(e.g., a recommended pick-up location 204) to a device
associated with the user (e.g., the user’s computing device
110) 1n recommendation of replacing the original with the
pick-up location. For example, the recommended pick-up
location 204 may be displayed as a pop-up on the computing
device 110, prompting the user to accept or decline. In
response to receiving an acceptance of the pick-up location
(e.g., 1f the user accepts the recommended pick-up location
204), the system 102 may transmit the pick-up location (e.g.,
the recommended pick-up location 204) to the determined
vehicle or a device associated with a driver of the deter-
mined vehicle (e.g., the driver’s mobile phone, the vehicle’s
display or navigation system, etc.). In response to receiving
a rejection of the pick-up location (e.g., 11 the user rejects the
recommended pick-up location 204), the system 102 may
transmit the origin to the vehicle or the device associated
with the driver of the vehicle. Accordingly, the driver of the
determined vehicle can proceed to the recommended pick-
up location or the origin to pick up the user.

FIG. 2B 1llustrates an example method 250 for determin-
ing and recommending vehicle pick-up locations, 1n accor-
dance with various embodiments. The method 250 may
provide exemplary steps for determining the pick-up loca-
tion for the vehicle to pick up the user based at least on the
user’s location, the destination’s location, and the vehicle’s
location. The method 250 may be implemented 1n various
environments including, for example, the environment 100
of FIG. 1. The method 250 may be implemented by one or
more component of various system including, for example,
the processor 104 and/or the memory 106 of the system 200
of FIG. 2A. The method 250 may be implemented by a
server (e.g., the system 102). The operations of method 250
presented below are intended to be illustrative. Depending,
on the implementation, the example method 250 may
include additional, fewer, or alternative steps performed 1n
various orders or 1n parallel.

FIG. 2B can be better 1llustrated with reference to FIGS.
3A-3D each showing a map view of navigation among
various routes. FIGS. 3A-3D illustrate routes based on a
similar map, and can be similarly applied to various other
geographic environments. FIG. 3A 1s an example 1llustration
of vehicle pick-up in prior art. FIGS. 3B-3D are example
illustrations of determining and recommending vehicle pick-
up locations, i accordance with various embodiments. The
descriptions of FIGS. 3B-3D are intended to be illustrative
and may be modified 1n various ways according to the
implementation. As shown in FIG. 3A, 1n prior art, a user at
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location C0 may request for a vehicle service to transport the
user from origin SO to destination T0. A vehicle at location
D0 may receive the request and proceed to location SO to
pick up the user and fulfill the request. The overall travel
distance for the vehicle 1s route 30 1s indicated as a black-
ened route.

The disclosed systems and methods can determine and
recommend routes for the vehicle driver and/or the user to
travel more efliciently. Referring back to FIG. 2B and FIGS.
3B-3D (blocks 251-257 of FIG. 2B are illustrated in FIG.
3B, block 258 of FIG. 2B 1s 1llustrated 1in FIG. 3C, and block
258 of FIG. 2B 1s illustrated in FIG. 3D), at block 251,
vehicle’s or vehicle driver’s location (ID1) and a request,
including a user or customer’s location (C1), origin (S1),
and destination (T1) may be received. S1 may be assumed
as the onigin, a default pick-up location. At block 252, a
distance DCS between C1 and S1 (e.g., a walking distance
for the user from C1 to S1) may be obtained. At block 253,
one or more candidate pick-up locations (e.g., locations
within (DCS+100 m) from C1) may be obtained as Ri1=[R1,
R2 . . . Rn]. The candidate pick-up locations may be
obtained from the database of locations described above, or
any other suitable source. Here, (DCS+100 m) can be an
example of the preset range from the user’s location
described above. The “100 m” can be dynamically adjusted
as described above similar to the weights. It the origin 1s not
provided, the preset range from the user’s location can be a
dynamically adjustable distance from the user’s location. If
R1 1s empty, the method 250 may proceed to block 259 as
described below. If R1 1s not empty, the method 250 may
proceed to block 254. At block 254, for the vehicle, a travel
distance from D1 to S1 may be obtained as DDS (shown as
dash-dot lines in FIG. 3B), a travel time from D1 to S1 may
be obtained as TDS, a travel distance from S1 to T1 may be
obtained as DST (shown as straight lines in FIG. 3B), and a
travel time from S1 to T1 may be obtained as TST. At block
255, for the vehicle and for all candidates in Ri, a travel
distance from D to Ri1 may be obtained as DDR1, a travel
time from D to Ri may be obtained as TDRi1, a travel
distance from Ri to T may be obtained as DR1T, a travel time

from Ri to T may be obtained as TR1T, and a travel distance
from C to R1 may be obtained as DCRi. At block 256, for

cach Ri, a score GR1I=WI1(DDS-DDR1)+W2(DST-DRi1T)+
W3(ITDS-TDR1)+W4 (TST-TRi1T) may be obtained.
W1-W4 may be various weights, {for example,
W1=W2=0.01, W3=W4=0.1. DDS, DDR1, and/or (DDS-
DDR1) may be referred to as the first travel distance from the
vehicle’s location to the pick-up location. DST, DRiT,
and/or (DST-DRi1T) may be referred to as the second travel
distance from the pick-up location to the destination. TDS,
TDRi1, and/or (TDS-TDR1) may be referred to as the first
travel time from the vehicle’s location to the pick-up loca-
tion. TST, TR1T, and/or (I'ST-TR1T) may be referred to as
the second travel time from the pick-up location to the
destination. The score can determine the driver’ utlhtyj c.g.,
the driver’s utility of travel from accepting the user’s request
to reaching the destination and fulfilling the request. As
described above, all of the weights may be dynamically
adjustable (e.g., based on time, season, region, location,
weather, weekday, weekend, holiday, etc.). The dynamic
adjustment may reflect the changing factor weights 1n deter-
mining the driver’s utility. Further, machine learning meth-
ods can also be applied to train the algorithm and/or weights
based on prior data. At block 257, for all R1, GR1 may be
ranked to obtain the largest GR1 as GRmax. Assuming R1
and R2 as examples shown in FIG. 3B, R1 may be deter-
mined as the pick-up location, that 1s, GRmax=GR1.
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In some embodiments, 1f GRmax 1s larger than 0, and
DCR1 1s smaller than 100 m, the method 250 may proceed
to block 258. If GRmax 1s no larger than O or DCRI1 1s no
smaller than 100 m, the method 250 may proceed to block
259. At block 258, the candidate pick-up location corre-
sponding to GRmax may be obtained as the new pick-up
location (e.g., the recommended pick-up location 204
described above). The new pick-up location may be recom-
mended to the user, and the user can accept or reject the new
pick-up location. As shown 1n FIG. 3C, based on the new
pick-up location, the vehicle would travel via route 32 to
pick up the user at location R1. Route 33 1s shorter than route
30 describe above, providing significant travel benefits. For
example, the dniver travels less distance overall between
accepting the request and having transported the user to the
destination. Moreover, the user saves overall travel time and
reaches the destination faster and pays less fee for the shorter
vehicle service. At block 259, no new pick-up location may
be recommended, and the origin may be kept as the pick-up
location. As shown 1n FIG. 3D, the vehicle would travel via
route 33 to pick up the user at origin S1. Alternatively, the
method may proceed back to block 257, use the second
largest GR1 as GRmax, and run the remaining steps. The
method may run by every GRi1 according to their ranking
until finding a GR1 that meets the condition to block 258 in
FIG. 2B.

In some embodiments, the condition of comparing the
GRmax with 0 can reflect the driver’s utility. GRmax>0
indicates that the driver can save at least some time and/or
distance by picking up at the pick-up location. GRmax<=0
indicates that the driver will not save time and distance
overall by picking up at the pick-up location, and the origin
should be used.

In some embodiments, the condition of comparing DCR1
with 100 m (or another threshold) may embody the utility of
the user. As discussed above, this threshold can also be
dynamically adjustable similarly as the weights. The thresh-
old may retlect the willingness of the user to walk to the
pick-up location. In some embodiments, this condition of
DCR1 comparison may be incorporated in the score deter-
mination described above to combine the utility determina-
tion for the dnver and the utility determination for the user.
In that case, DCRI1 can also be assigned a significant weight
to prioritize the user’s utility.

There can also be many other ways to express, modify, or
combine the above conditions. As described, the score
determination and the thresholding can factor 1n the utilities
of the driver and the user in a balanced determination.
Various weights and thresholds can be dynamically adjusted
to reflect the current preferences of the driver and the user.
Thus, the overall travel efliciency for the driver and the user
can be enhanced and optimized.

FI1G. 4 1llustrates a flowchart of an example method 400,
according to various embodiments of the present disclosure.
The method 400 may be implemented in various environ-
ments including, for example, the environment 100 of FIG.
1. The method 400 may be implemented by one or more
component of various system including, for example, the
processor 104 and/or the memory 106 of the system 200 of
FIG. 2A. The method 400 may be implemented by a server
(e.g., the system 102). The operations of method 400 pre-
sented below are intended to be illustrative. Depending on
the implementation, the example method 400 may include
additional, fewer, or alternative steps performed in various
orders or in parallel.

At block 402, a user’s location and a request by the user
for transportation to a destination may be obtained. At block
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404, a vehicle to respond to the request may be determined.
At block 406, the determined vehicle’s location may be

obtained. At block 408, a pick-up location for the vehicle to

pick up the user may be determined based at least on the
user’s location, the destination’s location, and the vehicle’s

location. In some embodiments, the request may optionally
include an origin, and the pick-up location determination 1s
also based on the origin.

The block 408 may comprise sub-steps 418-438. At block

418, one or more candidate locations within a preset range
from the user’s location may be determined. At block 428,
a utility for picking up at each of a plurality of locations,
including the one or more candidate locations and the origin,
may be determined based on at least one of: a travel distance
for the vehicle or a travel time for the vehicle. The travel
distance for the vehicle may comprise a first travel distance
from the vehicle’s location to the pick-up location and a
second travel distance from the pick-up location to the
destination. The travel time for the vehicle may comprise a
first travel time from the vehicle’s location to the pick-up
location and a second travel time from the pick-up location
to the destination. At block 438, one of the plurality of
locations having the highest utility may be determined (e.g.,
by ranking the utilities). The utility may be 1mversely pro-
portional to each of the travel distance for the vehicle and the
travel time for the vehicle. At block 448, a travel distance for
the user to the location of the highest utility may be
determined and compared with a preset threshold. At block
458, 1n response to the determined travel distance of the user
below the preset threshold, the location of the highest utility
may be determined as the pick-up location.

In some embodiments, though not shown in this figure,
the method 400 may further comprise transmitting the
pick-up location to a device associated with the user in
recommendation of replacing the original with the pick-up
location, 1in response to recerving an acceptance of the
pick-up location, transmitting the pick-up location to the
vehicle or a device associated with a driver of the vehicle,
and 1n response to receiving a rejection of the pick-up
location, transmitting the origin to the vehicle or the device
associated with the driver of the vehicle.

The techniques described herein can be implemented by
one or more special-purpose computing devices. The spe-
cial-purpose computing devices may include one or more
hardware processors programmed to perform the techniques
pursuant to program instructions in firmware, memory, other
storage, or a combination. The special-purpose computing
devices may be desktop computer systems, server computer
systems, portable computer systems, handheld devices, net-
working devices or any other device or combination of
devices that incorporate hard-wired and/or program logic to
implement the techniques. Computing device(s) are gener-
ally controlled and coordinated by operating system sofit-
ware. Conventional operating systems control and schedule
computer processes for execution, perform memory man-
agement, provide file system, networking, I/O services, and
provide a user interface functionality, such as a graphical
user interface (“GUI”), among other things.

FIG. 5§ 1s a block diagram that illustrates a computer
system 300 upon which any of the embodiments described
herein may be implemented. The system 500 may corre-
spond to the system 102 described above. The computer
system 300 includes a bus 302 or other communication
mechanism for communicating information, one or more
hardware processors 504 coupled with bus 502 for process-
ing information. Hardware processor(s) 504 may be, for
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example, one or more general purpose microprocessors. The
processor(s) 504 may correspond to the processor 104
described above.

The computer system 500 also includes a main memory
506, such as a random access memory (RAM), cache and/or
other dynamic storage devices, coupled to bus 3502 for
storing 1nformation and instructions to be executed by
processor 504. Main memory 306 also may be used for
storing temporary variables or other itermediate informa-
tion during execution ol instructions to be executed by
processor 504. Such structions, when stored in storage
media accessible to processor 5304, render computer system
500 mto a special-purpose machine that 1s customized to
perform the operations specified in the instructions. The
computer system 500 further includes a read only memory
(ROM) 508 or other static storage device coupled to bus 502
for storing static information and instructions for processor
504. A storage device 510, such as a magnetic disk, optical
disk, or USB thumb drive (Flash drive), etc., 1s provided and
coupled to bus 502 for storing information and instructions.
The main memory 506, the ROM 508, and/or the storage
510 may correspond to the memory 106 described above.

The computer system 500 may implement the techniques
described herein using customized hard-wired logic, one or
more ASICs or FPGAs, firmware and/or program logic
which 1in combination with the computer system causes or
programs computer system 300 to be a special-purpose
machine. According to one embodiment, the techniques
herein are performed by computer system 500 1n response to
processor(s) 504 executing one or more sequences of one or
more structions contained i main memory 506. Such
instructions may be read mmto main memory 306 from
another storage medium, such as storage device 510. Execu-
tion ol the sequences of instructions contained 1 main
memory 506 causes processor(s) 304 to perform the process
steps described herein. In alternative embodiments, hard-
wired circuitry may be used in place of or 1n combination
with software 1nstructions.

The main memory 506, the ROM 508, and/or the storage
510 may include non-transitory storage media. The term
“non-transitory media,” and similar terms, as used herein
refers to any media that store data and/or instructions that
cause a machine to operate i a specific fashion. Such
non-transitory media may comprise non-volatile media and/
or volatile media. Non-volatile media includes, for example,
optical or magnetic disks, such as storage device 510.
Volatile media includes dynamic memory, such as main
memory 506. Common forms of non-transitory media
include, for example, a tloppy disk, a tlexible disk, hard disk,
solid state drive, magnetic tape, or any other magnetic data
storage medium, a CD-ROM, any other optical data storage
medium, any physical medium with patterns of holes, a
RAM, a PROM, and FPROM, a FLASH-EPROM,
NVRAM, any other memory chip or cartridge, and net-
worked versions of the same.

The computer system 300 also includes a communication
interface 518 coupled to bus 502. Communication interface
518 provides a two-way data communication coupling to
one or more network links that are connected to one or more
local networks. For example, communication interface 518
may be an integrated services digital network (ISDN) card,
cable modem, satellite modem, or a modem to provide a data
communication connection to a corresponding type of tele-
phone line. As another example, communication interface
518 may be a local area network (LAN) card to provide a
data communication connection to a compatible LAN (or
WAN component to communicated with a WAN). Wireless
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links may also be implemented. In any such implementation,
communication interface 518 sends and receives electrical,
clectromagnetic or optical signals that carry digital data
streams representing various types of information.

The computer system 500 can send messages and receive
data, including program code, through the network(s), net-
work link and communication interface 518. In the Internet
example, a server might transmit a requested code for an
application program through the Internet, the ISP, the local
network and the communication interface 518.

The received code may be executed by processor 504 as
it 1s received, and/or stored in storage device 310, or other
non-volatile storage for later execution.

Each of the processes, methods, and algorithms described
in the preceding sections may be embodied 1n, and fully or
partially automated by, code modules executed by one or
more computer systems or computer processors comprising
computer hardware. The processes and algorithms may be
implemented partially or wholly 1n application-specific cir-
cultry.

The various features and processes described above may
be used mdependently of one another, or may be combined
in various ways. All possible combinations and sub-combi-
nations are imtended to fall within the scope of this disclo-
sure. In addition, certain method or process blocks may be
omitted 1n some i1mplementations. The methods and pro-
cesses described herein are also not limited to any particular
sequence, and the blocks or states relating thereto can be
performed 1n other sequences that are approprniate. For
example, described blocks or states may be performed 1n an
order other than that specifically disclosed, or multiple
blocks or states may be combined 1n a single block or state.
The example blocks or states may be performed 1n serial, 1n
parallel, or 1n some other manner. Blocks or states may be
added to or removed from the disclosed example embodi-
ments. The example systems and components described
herein may be configured differently than described. For
example, elements may be added to, removed from, or
rearranged compared to the disclosed example embodi-
ments.

The various operations of example methods described
herein may be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by soft-
ware) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
engines that operate to perform one or more operations or
functions described herein.

Similarly, the methods described herein may be at least
partially processor-implemented, with a particular processor
or processors being an example of hardware. For example,
at least some of the operations of a method may be per-
formed by one or more processors or processor-imple-
mented engines. Moreover, the one or more processors may
also operate to support performance of the relevant opera-
tions 1n a “cloud computing” environment or as a “software
as a service” (SaaS). For example, at least some of the
operations may be performed by a group of computers (as
examples of machines including processors), with these
operations being accessible via a network (e.g., the Internet)
and via one or more appropriate interfaces (e.g., an Appli-
cation Program Interface (API)).

The performance of certain of the operations may be
distributed among the processors, not only residing within a
single machine, but deployed across a number of machines.
In some example embodiments, the processors or processor-
implemented engines may be located 1n a single geographic




US 11,514,796 B2

15

location (e.g., within a home environment, an oflice envi-
ronment, or a server farm). In other example embodiments,
the processors or processor-implemented engines may be
distributed across a number of geographic locations.

Throughout this specification, plural instances may imple-
ment components, operations, or structures described as a
single instance. Although individual operations of one or
more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed 1n the order illustrated. Structures and
functionality presented as separate components 1n example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

Although an overview of the subject matter has been
described with reference to specific example embodiments,
various modifications and changes may be made to these
embodiments without departing from the broader scope of
embodiments of the present disclosure. Such embodiments
of the subject matter may be referred to herein, individually
or collectively, by the term “invention” merely for conve-
nience and without intending to voluntarily limit the scope
of this application to any single disclosure or concept 1f more
than one 1s, 1n fact, disclosed.

The embodiments illustrated herein are described 1n sui-
ficient detail to enable those skilled 1n the art to practice the
teachings disclosed. Other embodiments may be used and
derived therefrom, such that structural and logical substitu-
tions and changes may be made without departing from the
scope of this disclosure. The Detailed Description, therefore,
1s not to be taken 1n a limiting sense, and the scope of various
embodiments 1s defined only by the appended claims, along
with the full range of equivalents to which such claims are
entitled.

Any process descriptions, elements, or blocks 1n the tflow
diagrams described herein and/or depicted in the attached
figures should be understood as potentially representing
modules, segments, or portions of code which include one or
more executable 1nstructions for implementing specific logi-
cal functions or steps 1n the process. Alternate implementa-
tions are included within the scope of the embodiments
described herein 1n which elements or functions may be
deleted, executed out of order from that shown or discussed,
including substantially concurrently or in reverse order,
depending on the functionality mnvolved, as would be under-
stood by those skilled in the art.

As used herein, the term “or” may be construed 1n either
an inclusive or exclusive sense. Moreover, plural instances
may be provided for resources, operations, or structures
described herein as a single nstance. Additionally, bound-
aries between various resources, operations, engines, and
data stores are somewhat arbitrary, and particular operations
are illustrated 1n a context of specific i1llustrative configura-
tions. Other allocations of functionality are envisioned and
may fall within a scope of various embodiments of the
present disclosure. In general, structures and functionality
presented as separate resources in the example configura-
tions may be implemented as a combined structure or
resource. Similarly, structures and functionality presented as
a single resource may be implemented as separate resources.
These and other variations, modifications, additions, and
improvements fall within a scope of embodiments of the
present disclosure as represented by the appended claims.
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The specification and drawings are, accordingly, to be
regarded 1n an 1illustrative rather than a restrictive sense.
Conditional language, such as, among others, “can,”
“could,” “might,” or “may,” unless specifically stated oth-
erwise, or otherwise understood within the context as used,
1s generally intended to convey that certain embodiments
include, while other embodiments do not include, certain
features, elements and/or steps. Thus, such conditional lan-
guage 1s not generally intended to imply that features,
clements and/or steps are 1n any way required for one or
more embodiments or that one or more embodiments nec-
essarily include logic for deciding, with or without user
input or prompting, whether these features, elements and/or
steps are 1ncluded or are to be performed 1n any particular

embodiment.

The mvention claimed 1s:
1. A method for determining vehicle pick-up location,
comprising;
obtaining a user’s location and a request by the user for
transportation to a destination based at least 1n part on
global position system (GPS) data from a user GPS
installed on a device associated with the user;
determining a vehicle to respond to the request;
obtaining the determined vehicle’s location based at least
in part on the vehicle’s GPS data from a vehicle GPS
associated with the vehicle or a GPS installed on a
device associated with a driver of the vehicle;
determiming a pick-up location for the vehicle to pick up
the user based at least on the user’s location, the
destination’s location, and the wvehicle’s location,
wherein the determining of the pick-up location com-
Prises:
determining one or more candidate locations within a
preset range from the user’s location;
determining a utility for picking up at each of a
plurality of locations, including the one or more
candidate locations, based on a travel distance for the
vehicle;
determining one of the plurality of locations having the
highest utility;
determining a travel distance for the user to the location
of the highest utility and comparing the determined
travel distance for the user with a preset threshold;
and
in response to the determined travel distance of the user
below the preset threshold, determining the location
of the highest utility as the pick-up location,
wherein:
the travel distance for the vehicle comprises a first
travel distance from the vehicle’s location to the
pick-up location and a second travel distance from
the pick-up location to the destination; and
the utility 1s inversely proportional to the travel
distance for the vehicle; and
directing the device associated with the user to display the
pick-up location as a pop-up on an interface of the
device associated with the user prompting the user to
accept or decline.
2. The method of claim 1, wherein:
the request comprises transporting at least one of the user,
a person associated with the user, or an item associated
with the user from an origin to the destination; and
the origin 1s a default pick-up location.
3. The method of claim 2, wherein the determining of the
utility for picking up at each of the plurality of locations
COmprises:
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determining the utility for picking up at each of the
plurality of locations, including the one or more can-
didate locations and the origin, further based on a travel
time for the vehicle; and

wherein: the travel time for the vehicle comprises a first
travel time from the vehicle’s location to the pick-up
location and a second travel time from the pick-up
location to the destination.

4. The method of claim 3, wherein

cach of the first and second travel distances for the vehicle
and the first and second travel time for the vehicle has
a corresponding weight in determining the utility; and

the first and second travel distances for the vehicle have
weights larger than the first and second travel time for
the vehicle.

5. The method of claim 2, further comprising;:

transmitting the pick-up location to the device associated
with the user 1n recommendation of replacing the origin
with the pick-up location;

in response to receiving an acceptance of the pick-up
location, transmitting the pick-up location to the
vehicle or the device associated with the driver of the
vehicle; and

in response to receiving a rejection of the pick-up loca-
tion, transmitting the origin to the vehicle or the device
associated with the driver of the vehicle.

6. The method of claim 1, wherein:

determining the vehicle to respond to the request com-
Prises:

determining one or more candidate vehicles within a
preset range from the user’s location,

transmitting the request to the one or more candidate
vehicles, and

determining at least one of the candidate vehicles accept-
ing the request as the vehicle to respond to the request.

7. A system for determining vehicle pick-up location,

comprising;

a server configured to:

obtain a user’s location and a request by the user for
transportation to a destination based at least 1n part
on global position system (GPS) data from a user
GPS 1nstalled on a device associated with the user;

determine a vehicle to respond to the request;

obtain the determined vehicle’s location based at least
in part on the vehicle’s GPS data from a vehicle GPS
associated with the vehicle or a GPS mstalled on a
device associated with a driver of the vehicle;

determine a pick-up location for the vehicle to pick up
the user based at least on the user’s location, the
destination’s location, and the vehicle’s location,
wherein the determining of the pick-up location
COMprises:

determine one or more candidate locations within a
preset range from the user’s location;

determine a utility for picking up at each of a plurality
of locations, including the one or more candidate
locations, based on a travel time for the vehicle;

determine one of the plurality of locations having the
highest utility;

determine a travel distance for the user to the location
of the highest utility and compare the determined
travel distance for the user with a preset threshold;
and

in response to the determined travel distance of the user
below the preset threshold, determine the location of
the highest utility as the pick-up location, wherein:
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the travel time for the vehicle comprises a first travel
time from the vehicle’s location to the pick-up
location and a second travel time from the pick-up
location to the destination; and
the utility 1s inversely proportional to the travel time
for the vehicle; and
directing the device associated with the user to display the
pick-up location as a pop-up on an interface of the
device associated with the user prompting the user to
accept or decline.
8. The system of claim 7, wherein:
the request comprises transporting at least one of the user,
a person associated with the user, or an item associated
with the user from an origin to the destination; and
the origin 1s a default pick-up location.
9. The system of claim 8, wherein: to determine the utility

for picking up at each of the plurality of locations, the server
1s configured to:

determine the utility for picking up at each of the plurality
of locations, including the one or more candidate
locations and the origin, further based on a travel
distance for the vehicle; and
wherein:
the travel distance for the vehicle comprises a first
travel distance from the vehicle’s location to the
pick-up location and a second travel distance from
the pick-up location to the destination.
10. The system of claim 9, wherein:
cach of the first and second travel distances for the vehicle
and the first and second travel time for the vehicle has
a corresponding weight 1n determining the utility; and
the first and second travel distances for the vehicle have
weights larger than the first and second travel time for
the vehicle.
11. The system of claim 8, wherein the server 1s further

configured to:

transmit the pick-up location to the device associated with
the user 1n recommendation of replacing the origin with
the pick-up location;
in response to recerving an acceptance of the pick-up
location, transmit the pick-up location to the vehicle or
the device associated with the driver of the vehicle; and
in response to recerving a rejection of the pick-up loca-
tion, transmit the origin to the vehicle or the device
associated with the driver of the vehicle.
12. The system of claim 7, wherein
to determine the vehicle to respond to the request, the
server 1s configured to:
determine one or more candidate vehicles within a
preset range from the user’s location,
transmit the request to the one or more candidate
vehicles, and
determine at least one of the candidate vehicles accept-
ing the request as the vehicle to respond to the
request.
13. A non-transitory computer-readable storage medium

storing 1nstructions that, when executed by a processor,
cause the processor to perform a method for determining
vehicle pick-up location, the method comprising:

obtaining a user’s location and a request by the user for
transportation to a destination based at least 1n part on
global position system (GPS) data from a user GPS
installed on a device associated with the user;

determining a vehicle to respond to the request;

obtaining the determined vehicle’s location based at least
in part on the vehicle’s GPS data from a vehicle GPS
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associated with the vehicle or a GPS installed on a
device associated with a driver of the vehicle;
determining a pick-up location for the vehicle to pick up
the user based at least on the user’s location, the
destination’s location, and the wvehicle’s location,
wherein the determining of the pick-up location com-
Prises:
determining one or more candidate locations within a
preset range from the user’s location;
determining a utility for picking up at each of a
plurality of locations, including the one or more
candidate locations, based on a travel distance for the
vehicle;
determining one of the plurality of locations having the
highest utility;
determining a travel distance for the user to the location
of the highest utility and comparing the determined
travel distance for the user with a preset threshold;
and
in response to the determined travel distance of the user
below the preset threshold, determining the location
of the highest utility as the pick-up location,
wherein:
the travel distance for the vehicle comprises a first
travel distance from the vehicle’s location to the
pick-up location and a second travel distance from
the pick-up location to the destination; and
the utility 1s inversely proportional to the travel
distance for the vehicle; and
directing the device associated with the user to display the
pick-up location as a pop-up on an interface of the
device associated with the user prompting the user to
accept or decline.
14. The non-transitory
medium of claim 13, wherein:
the request comprises transporting at least one of the user,
a person associated with the user, or an item associated
with the user from an origin to the destination; and
the origin 1s a default pick-up location.

computer-readable storage
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15. The non-transitory computer-readable storage
medium of claim 14, wherein the determining of the utility
for picking up at each of the plurality of locations comprises

determiming the utility for picking up at each of the
plurality of locations, including the one or more can-
didate locations and the origin, further based on a travel
time for the vehicle; and

wherein:

the travel time for the vehicle comprises a first travel
time from the vehicle’s location to the pick-up
location and a second travel time from the pick-up
location to the destination.

16. The non-transitory computer-readable storage
medium of claim 14, wherein the method further comprises:

transmitting the pick-up location to the device associated
with the user 1n recommendation of replacing the origin
with the pick-up location;

in response to receiving an acceptance ol the pick-up
location, transmitting the pick-up location to the
vehicle or the device associated with the driver of the
vehicle; and

in response to receiving a rejection of the pick-up
location, transmitting the origin to the vehicle or the
device associated with the driver of the vehicle.

17. The non-transitory computer-readable

medium of claim 13, wherein:

storage

determining the vehicle to respond to the request com-
Prises:

determining one or more candidate vehicles within a
preset range from the user’s location,

transmitting the request to the one or more candidate
vehicles, and

determining at least one of the candidate vehicles accept-
ing the request as the vehicle to respond to the request.
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